The kidney of Lophius t has been the subject of many functional studies since Marshall and Grafflin (2), Edwards (3), and Edwards and Condorelli (4) disclosed in 1928 that its blind tubules, in the absence both of glomeruli and an effective arterial circulation, were capable of excreting selectively most of the ordinary urinary constituents. The extensive literature on renal function in Lopkius has been reviewed recently by Smith (5), Forster (6), and Brull and Nizet (7). In this study attention is focused on electrolyte transport as a general cellular phenomenon, and an attempt is made to delineate the total pattern of ion distribution in plasma and urine. The aglomerular tubule is of interest here because of its nature as a single layer of cells capable of transporting actively certain anions and cations while acting as a barrier to the free movement of others. Also of interest in relation to active transport processes is the phenomenon of "osmotic" or "laboratory diuresis" which Lopkius and other marine teleosts exhibit spontaneously immediately after capture when the electrolytic composition of urine shifts radically as a concomitant of increased flow rates of water across tubule cells.
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depth averaging 70 meters and the nets were emptied aboard ship after each run of I to 2 hours' duration. Those goosefish which seemed to be in good condition were transferred immediately on deck to large tubs supplied with circulating cold sea water. Blood samples were taken as quickly as possible and an indwelling catheter secured into the urinary bladder by methods described earlier (Forster (6) ). Urine residual in the bladder at the time of capture is designated urine 0 in Table I and referred to as "normal" urine in Fig. I . It must be remembered that some of the goosefish may have been under highly abnormal conditions for as long as 2 hours while they were packed in the net with tons of other fish during the dragging operation. Urine formed during this period probably is similar to that of diuretic animals in captivity and this perhaps explains why some of the residual samples had high chloride contents and approached isotonicity with plasma, criteria characteristic of "laboratory diuresis" in marine teleosts (6) . In some instances fish were sacrificed immediately and samples of pericardial fluid taken in addition to blood and urine (Lophii I, 15, 2, 3, and 6), but generally the indwelling polyethylene catheter was plugged and quantitative urine and blood collections made intermittently while they were being transferred to the laboratory and while maintained there in individual tubs supplied with cold running sea water. With a minimum of handling, goosefish remain vigorous under these conditions for as long as a week or I0 days.
Standard quantitative chemical procedures were employed for determining ionic components in plasma, urine, and pericardial fluids. Heparin was used as an anticoagulant and blood collected under anaerobic conditions for bicarbonate determinations which were computed from total carbon dioxide and pH using the HendersonHasselbach equation (8) . Sodium and potassium were measured with a flame photometer against an internal lithium standard (9) . The copper sulfate method was used for estimation of plasma proteins (I0), and the freezing points of plasma and urine were measured with a thermistor in a Johlin freezing point apparatus (II). Trimethylamine oxide was reduced with titanium chloride, and the free basic amine then measured by microdiffusion analysis, as was ammonia (12) . Creatine was converted to creatinine and then determined colorimetrically by the Jaffe reaction (13) . A micromethod was used for the measurement of chlorides (14) , the benzidine method used for inorganic sulfate (15) , and a colorimetric method for phosphate (16) . Magnesium was determined photoelectrically (17) and a microprocedure employed for caldum (18).
RESULTS
Inasmuch as the electrolytic composition of body fluids taken from LoplHi varied considerably from fish to fish, the animals are listed individually in Table I in the order of rising chloride concentrations in residual urine samples. The relative amount of chloride in urine appears to constitute a reliable criterion of the amount of rough handling received by the fish in the trawlnet, and the length of time spent in the net before capture. Included in Table I are only the principal anions and cations. The failure of total milliequivalents per liter of cation to correspond exactly with anion in certain samples is due not only to experimental error, but also to the omission in the tally of trace amounts of such charged particles as ammonium, protein, bicarbonate, hydrogen, trimethylamine, etc. The failure of total millimols of electrolyte to correspond with expected milliosmols based on freezing point determinations in residual urine samples is due largely to the presence of considerable quantifies of nitrogenous non-electrolyte. Sometimes amounts of plasma or urine collected were too small to permit a complete set of chemical determinations, hence the open spaces in the table and the appropriate designation in the milliequivalents per liter tally of "total" cations and anions.
Occasionally quantitative analyses were made of miscellaneous electrolytes present in small amounts when permitted by an adequate supply of sample. Only trace amounts of ammonia were present in plasma and peficardial fluid, while concentrations in urine varied from 0.2 to 1.7 m~ per liter in diuretic samples, and 0.6 rn~ was noted in one sample of residual urine. The pH of blood was found to vary between 7.02 and 7.13 in 5 freshly caught animals, while the plasma in 3 cases was alkaline but 0.05 to 0.08 unit below that of blood. In 2 diuretic fish the pH of blood was 7.46 and 7.55, 58 and 71 hours after capture. The pH of 4 pericardial samples varied between 7.20 and 7.52. Urine samples were invariably acid and ranged from 6.43 to 6.69 at 23 ° with a titratable acidity corresponding to 3 to 4 m~ per liter. Bicarbonate content in 8 blood samples from 6 fish ranged from 2.4 to 4.1 mr~ per liter, and the range in 3 plasma samples was 2.9 to 4.3 nut per liter.
The total pattern of electrolyte distribution in plasma and urine in relation to sea water, and the shift in composition with the onset of diuresis are illustrated in Fig. 1 . In contrast to Table I where concentrations of individual ions are expressed in millimols per liter here they are plotted as milliequivalents per liter. The items are averages of data taken from two experiments (Lll and L12). These were chosen because of all the fish maintained in the laboratory the residual urine samples of these were lowest in chloride, and with the data averaged they represent a resolution of the random differences in electrolyte concentrations normally noted between individual fish. Total cation is made to balance total anion by use of dotted lines which indicate the probable presence of such charged particles as protein, bicarbonate, and certain basic nitrogenous components not measured individually in these particular experiments. Phosphate in the slightly alkaline plasma is expressed as 20 per cent H~PO~' and 80 per cent HPO4", while in the acid urine the ratio of 60 per cent acid phosphate to 40 per cent basic phosphate is used.
Normal urine typically is hypotonic to plasma but not to the extent one would expect from the great difference noted between total electrolyte content of residual urine and simultaneously collected plasma. Urine from freshly captured fish may contain as much as 100 m~ per liter of trimethylamine oxide, 15 mu of creatine, and additional nitrogenous constituents of undetermined nature. Creatine and trimethylamine oxide content of urine fall off precipitously as laboratory diuresis proceeds, and in terminal collections such as those designated "diuretic" urine in Fig. I , these nitrogenous components contribute very little to the total osmolarity. Freezing point determinations were made in a few instances and the results confirm earlier observations that in Lophius, as with other marine teleosts, normal urine invariably is hypotonic to plasma (6) . With the onset of diuresis the chloride content and total osmolarity rise quickly. As diuresis proceeds urine remains isotonic with plasma and both the electrolyte content and total osmolarity of plasma and urine continue to rise. In Table II chloride concentrations, urine flows, and osmotic activity are followed for a period of 73 hours starting at the time of capture. Until the terminal urine collection period when the animal showed signs of falling there was a steady rise in the amount of electrolyte excreted, gauged either as millieqnivalents of chloride or as miUiosmols of osmotically active substance excreted per day.
Plasma volumes were determined in 2 diuretic goosefish by the dilution of radioactive human serum albumin injected intravenously. A period of 15 minutes was allowed for intravascular mixing and then a disappearance curve established by periodic blood withdrawals. Extrapolation to zero time indicated that the albumin was distributed initially in plasma volumes of 143 and 229 ml. for goosefish weighing 3.5 and 4.5 kg. respectively, hence, the plasma constituted 4.15 and 5.1 per cent of the body weights of these two animals. Diuresis is usually accompanied by marked drops in hematocrit readings and the percentage of protein in plasma (see Table I ), and it can be safely assumed that hemodflution is a constant feature of the diuretic syndrome. 13.55
DISCUSSION
The most striking generalization to be drawn from these observations is that free diffusion alone can play little part in governing the movement of electrolytes across the aglomerular renal tubule. It is much more likely to assume that a steady state which requires the expenditure of energy by the cells serves to partition charged particles rather than that true equilibrium conditions prevail. It is difficult to envisage electrochemical gradients to account for the lO0-fold concentration of magnesium while the cells restrict the free diffusion of the much more mobile univalent ions. In non-diuretic goosefish calcium, sulfate, and magnesium are all transferred actively, and even at the height of diuresis these divalent ions, particularly magnesium, are highly concentrated in urine2 Normally the univalent ion content of urine is far below Phosphate concentrations in urine vary widely. Marshall and Graffiin (19) noted that raising the inorganic phosphate levels in Lopki~s plasma did not increase phosphate excretion. Their experiments suggest that inorganic phosphate in the urine of aglomerular fishes is formed in the kidney from some precursor, not glycerophosphate.
that of plasma, and chloride sometimes is present in the merest traces. This is true not only of aglomerular fish but holds for the completely glomerular marine teleosts as well (6, 20) . It seems that a fundamental function of vertebrate renal tubules is to serve as a monovalent salt saver. Whether this is accomplished by the tubule cells acting as a barrier to the movement of monovalent ions initially, or whether they permit free diffusion at one level and reabsorb actively at another cannot be determined at present. Both the principle of parsimony and the lack of morphological differentiation throughout the length of the renal tubules (2, 3, 21) support the former hypothesis.
Immediately after capture, chloride floods into urine and replaces sulfate as the principal anion, but plasma levels continue to rise during diuresis despite a higher excretory rate for both monovalent and divalent ions. This implicates increased intake of sea water rather than failure of the gills' "chloride secretory mechanism" as a causative factor in the frequently reported increased chloride excretory rate noted in captivity. The specific factors which initiate this dramatic alteration in tubule permeability and the accompanying diuresis remain obscure.
The most active cellular transport processes in the renal tubule of Lopld~ involve the excretion of magnesium and creatine. Recently Brull and Cuypers (22) have reported that after cyanide or fluoride the perfused kidney of Lopldus fails to secrete water or concentrate magnesium, which they interpret as indicating a de'pendence of these tubular processes upon aerobic biochemical events. Trhnethylamine oxide appears in higher concentrations in Lophiv.s urine than does creatine, but the urine/plasma concentration ratios are not as great.
No active transport mechanisms appear to be implicated in the formation of pericardial fluid. The slight differences between the chemical composition of pericardial fluid and plasma, either normally or during diuresis, can be accounted for on the basis of Gihbs-Donnan distribution and exper~nental error.
SUMMARY
Quantitative evaluations have been made of the chief anions and cations in plasma, urine, and pericardial fluid taken both from freshly captured goosefish and from those undergoing "laboratory diuresis." Measurements included: Na, K, Ca, Mg, CI, SO4, PO~, protein, HCOa, NH3, pH, titratable acidity, freezing point depression, creatine, trimethylamine oxide, and plasma volume. The total patterns of electrolyte distribution in these body fluids are presented.
The morphologically undifferentiated aglomerular tubule acts as a barrier to the free diffusion of monovalent electrolytes, while transporting actively the divalent ions, especially Mg.
Urine taken from freshly captured fish is hypotonic to plasma, low in elec-trolyte, and as much as 50 per cent of its total osmolarity is accounted for by nitrogenous components. Of these creatine is transported most actively by the renal tubule cells.
With the onset of diuresis immediately after capture, plasma osmolarity slowly rises and urine suddenly becomes isotonic with plasma as chloride floods into the urine. The active movement of Mg continues during diuresis and urine/plasma concentration ratios of 100 or more are sustained for days while the animals are kept in the laboratory. Na follows chloride and never reaches S0 per cent of plasma values, and K never appears in urine in more than mere traces.
Electrolytes in this system are viewed as not being in true equilibrium but rather as constituting a biological steady state with the distribution across renal cells being maintained against passive diffusion by the expenditure of cellular energy.
